is analysed. Moreover, some comments are made on the relationships between mean annual visual observations of the auroras at middle latitudes of Europe and the mean annual sunspot number during 1780-1829.
Introduction
realised a meritorious attempt to determine quantitative information on solar activity by comparing the data of visual auroral observations with the modern parameter of their luminescence. Using the mean annual number of visual observations of the auroras N at middle latitudes of Europe and mean annual Wolf number R Z during 1780-1829, they obtained the approximate relationships (Schröder et al. (2004) used the symbol W for the Wolf number and symbols N and n for the observations of auroras in the first and second equation, respectively)
and
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As typically low-latitude auroras have very often a red colour and are caused by the 630-nm emission of atomic oxygen, they used the empirical relationship between the intensity I 630 , the solar radioflux F 10.7 , the index of geomagnetic disturbance D st and the geomagnetic latitude obtained by Trustte (1968a Trustte ( , 1968b Trustte ( , 1969 . Moreover, they used the relationship obtained by Vitinsky et al. (1986) between the solar radioflux and the Wolf number. Thus, they can make estimations of brightness of expected auroras in the 630-nm emission.
The use of different sunspot numbers
The International Sunspot Numbers (Wolf or Zürich sunspot numbers) have long served as the primary time series defining solar activity since the year 1700. This time series was derived by R. Wolf in the 19th century and has been maintained by his successors (Waldmeier, 1947; McKinnon, 1987) . Wolf defined the sunspot number, R Z , as
where g is the number of sunspot groups, s is the number of individual sunspots, and k is a correction factor for each observer. The daily R Z value is calculated by using only the input from one observer selected as the primary observer for the given period. If the primary observer could not make an observation, then secondary, tertiary, etc., observers are used to complete the maximum possible number of days. For years up to 1817, the number of missing days was so great that Wolf only tabulated monthly means. There are no observations for many months from 1749 to 1818, and for a few months after 1818. Wolf filled in these months by interpolation and using magnetic needle observations. Thus, the numbers R Z are a mixture of direct sunspot observations and calculated values. Figure 1 . Relationships between the sunspot numbers and the square root of N. Equation (2) is showed too. Fig. 1 . Relationships between the sunspot numbers and the square root of N. Equation (2) is also shown. Recently, Hoyt and Schatten (1998) made a new reconstruction of solar activity from sunspot observations. This time series is known as the Group Sunspot Number, R G , because it uses the observed number of sunspot groups. The Group Sunspot Number is designed to be more internally self-consistent (i.e. less dependent upon seeing the tiniest spots) and less noisy than the Wolf Sunspot Number. Hoyt and Schatten defined the Group Sunspot Number, R G , as
where G i is the number of sunspot groups recorded by the i-th observer, k i is the i-th observer's correction factor, N o the number of observers used to form the daily value, and 12.08 is a normalization factor chosen to make the multiple values of the mean of the R G 's identical with the multiple values mean of R Z for 1874 to 1976. Daily, monthly, and yearly means were derived from 1610 to the present. They calculated daily values of solar activity on 111 358 days for 1610-1995, compared to 66 168 days for the International Sunspot Numbers, tabulating estimates of their random and systematic errors. An important conclusion is that solar activity before 1882 is lower than that generally assumed.
Auroras and sunspot numbers during 1780-1829
On the basis of the data presented in Table 1 , the relationships between the mean annual numbers of visually observed auroras N and sunspot numbers (R Z and R G ) can be found. Figure 1 shows the relationships between the sunspot numbers and the square root of N . The linear fits of these data are:
where r 2 is the coefficient of determination. Figure 1 shows Eq. (2) provided by Schröder et al. (2004) . Equation (2) does no seem not to be correct because if the mean annual visual observations of the auroras at middle latitudes of Europe were zero, then the Wolf number should be -50. Moreover, even at first sight Eq. (5) seems to be a better fit to the data than Eq. (2). Figure 2 shows the relationships between the sunspot numbers and N . The linear fits of these data are:
One can appreciate that the last two values of coefficient r 2 are slightly higher than the first two. One can verify that the use of different sunspot numbers could vary the results of Schröder et al. (2004) , who only use the Wolf number.
Final Comments
The estimations of brightness of expected auroras in the atomic oxygen 630-nm emission obtained by Schröder et al. (2004) could be overestimated because they used the Wolf sunspot numbers that overestimate the solar activity before 1882 (Hoyt and Schatten, 1998) . Moreover, Eq. (2) of Schröder et al. (2004) modifies the true relationships between mean annual number of visual observations of the auroras N at middle latitudes of Europe and mean annual Wolf number R Z during 1780-1829.
